Trichorhinophalangeal syndrome type I is a rare autosomal dominant disorder characterized by cone-shaped epiphysis, sparse fine hair, pear-shaped nose and variable growth retardation. The typical craniofacial features include thin upper lip, elongated philtrum, large outstanding ears, shortened posterior facial height associated with short mandibular ramus and reduced and superiorly deflected posterior cranial base. This report describes a 17-year-old male patient with trichorhinophalangeal syndrome type I and a detailed description of the craniofacial radiographic findings, including the use of cone beam computed tomography images for determination of the airway and temporomandibular joint discrepancies.
Introduction
Trichorhinophalangeal syndrome type I (TRPS I) is a rare disorder of autosomal dominant inheritance typically involving abnormalities of the hair, face and skeletal bones. The first description of TRPS is attributed to Klingmuller 1 in 1956 who reported two cases. A more detailed description of the clinical and radiographic features of the disorder along with the actual naming was given by Giedion. 2 This group of abnormalities is caused by deletion or heterozygous mutations in the TRPS I gene on chromosome 8q24.12. [3] [4] [5] This gene encodes a specific zinc finger protein that acts as a putative transcription factor. Mutation in the same gene has also been found to cause TRPS III. 6 Clinical manifestations in TRPS are heterogeneous and classically classified into three types according to phenotypic and cytogenetic/molecular findings. 7 Patients affected with TRPS I have disproportionate short stature, finger deformities and dysmorphic facial features including sparse hair, pyriform-shaped nose and medially thick eyebrows. The epiphyses of the fingers are cone-shaped. 8 Type II, which is also known as Langer-Giedion syndrome, is characterized by multiple cartilaginous exostoses that are the hallmark of this variant. In addition, mental retardation, microcephaly, loose skin, slight growth retardation, shortening of hands and feet and redundant skin are also reported in type II. The rarest and most recently recognized form of TRPS is type III, which is characterized by severe brachydactyly and growth retardation. 9 Here, we report a case of TRPS I. In addition to the clinical features of the patient, the results of cephalometric analysis and three-dimensional (3D) cone beam computed tomographic (CBCT) examination of the craniofacial complex are presented.
Case report
A 17-year-old Caucasian male was referred to the Graduate Orthodontic Clinic at Indiana University School of Dentistry for evaluation and counselling regarding his dental malocclusion. The subject was diagnosed with TRPS I and associated early onset arthritis and hyperflexibility. The diagnosis of TRPS I was based on characteristic physical features and a consistent pedigree for the condition. The patient's father and one of two older brothers were also diagnosed with TRPS I and associated arthritis. Two paternal aunts, grandfather and great grandfather also had signs of TRPS, although they were not formally diagnosed.
The patient expressed the classic facial features of the syndrome including sparse, slow growing and fragile hair, thinning of the lateral portion of the eyebrows, protruding ears, pear shaped nose with a bulbous tip, long and flat philtrum and thin upper vermilion border. Cranial and facial asymmetry was reported suggesting cranial synostosis. The patient appeared in good general health with normal intelligence, stature and axial skeleton. The patient's fingers were irregularly deviated with short, thin and broad nails. Despite the deviation of fingers, brachydactyly and painless swelling at the interphalangeal joints, joint movements were normal. The patient also had clinodactyly of the fourth and fifth fingers bilaterally. The intraoral examination revealed a severe overbite with crowding, posterior open bite, multiple retained primary teeth and multiple missing permanent teeth in both arches. The maxillary posterior teeth were supra-erupted into the edentulous opposing areas. Periodontal pathology or dental caries were not detected ( Figure 1 ).
CBCT was taken for the patient and lateral, posteroanterior cephalograms, panoramic radiographs and virtual 3D models were constructed in order to perform a complete radiographic evaluation of the jaws and craniofacial region. According to the panoramic radiograph and the 3D study models, the patient had multiple CBCT data allowed sectioning of multiple slices of the jaws to identify the exact position and relationship of the impacted teeth to the erupting teeth and the different anatomical structures. Reduced vertical height of the alveolus associated with the impacted mandibular posterior teeth was detected. In addition, supra-eruption of the opposing maxillary posterior teeth was evident in the 3D skull volume.
The dual volume superimposition of the CBCT volumetric data and the airway allowed comprehensive examination of the airway area. A reduced dimension of the airway area posterior to the tongue and soft palate as well as small size maxillary sinuses was detected. These findings were further confirmed by measuring the airway volume using Dolphin imaging software (Dolphin Imaging and Management Solutions, Chatsworth, CA, USA), which showed that the most constricted area (MCA) of the airway passage was the area just behind the tongue and soft palate. The MCA was measured in the three different planes giving values of 79.6 mm 2 on the axial section, 3.7 mm on the sagittal section and 19.7 mm on the coronal view. The airway passage of the patient was abnormal in form and dimensions, being wide from the frontal view and narrow from the lateral view (Figure 3) .
The structure and morphology of the osseous components of the TMJ was evaluated using the 3D volumetric information. After clipping the mandible as a 3D volume, irregularly sized and shaped right and left condyles were obvious. In addition, evidence of osseous remodelling with reduction of the posterior articular spaces was detected (Figure 4 ).
Discussion
Among the group of developmental malformations characterized by skeletal dysplasis is TRPS. This syndrome was originally described in detail by Giedion in 1966. 2 The syndrome was later divided into three subgroups, namely, I, II and III. Mutations in the TRPS I gene have been found to be responsible for both TRP I and TRP III. TRPS I is characterized by sparse, slowly growing scalp hair, short and deformed fingers with cone-shaped epiphyses of some of the middle phalanges of the hands. Additional features may occur, such as short stature, Perthes-like changes in the hips, short toes, a long philtrum, a thin upper lip, and medially thick, laterally thin, or absent eyebrows 'the Herthoge sign'. Craniofacial abnormalities associated with TRPS I may also include a pear-shaped broad nose, mandibular hypoplasia, maxillary prognathism and receding chin with prominent mentolabial groove. 10 Patients with TRPS II (Langer-Giegion syndrome) exhibit almost the same anomalies in addition to numerous exostoses and sometimes mental retardation, while patients with TRPS III (Sugio-Kajii syndrome) suffer from extremely short stature and severe brachydactyly with short metacarpals but without any exostoses. Some authors have considered it a severe form of TRPS I, rather than a distinct entity. [11] [12] [13] The patient reported in this study had almost all the characteristic features of TRPS I. The facial and hand features were typically presented. Intraoral and radiographic examination of the jaws revealed crowding, multiple retained primary teeth, impacted and supernumerary teeth, all features previously reported in some but not all TRPS I cases 14 However, the number of supernumerary and impacted teeth reported in this case is more than that reported previously in the literature. One interesting finding that was detected on the panoramic radiograph and confirmed on the digital model constructed from the CBCT data was that the patient had six impacted molar teeth with completely formed roots. The 3D CBCT images also allowed spatial identification of teeth position for ease of surgical removal.
The results from the CBCT airway analysis of the present case showed an area of severe constriction posterior to the tongue and soft palate. A finding was further confirmed by measuring the airway as a volume from the CBCT data. This finding suggests that the patient should be considered as a high risk for obstructive sleep apnea. To our knowledge, these findings which have not been previously described, could in part clarify the previous reports of unexplained repeated cyanotic attacks in some TRPS I patients. 14 Irregularly shaped and sized right and left condyles were evident on the 3D volume of the mandible. Similarly, an underdeveloped left condyle was reported. These findings could be explained as a part of the slightly delayed skeletal maturation and joints deformities consistently described in TRPS I patients. Recent diagnostic tools such as the 3D imaging technology used in the present study allowed description of these craniofacial abnormalities of the airway and the joints.
In conclusion, the present study described the clinical, radiographic, oral and maxillofacial findings in a TRPS I case. The data of the airway abnormalities and the TMJ malformation suggest the importance of including the examination of these two critical structures as an integral part of TRPS I dentoskeletal evaluation.
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